A286  376 


REPORT  DOCUMENTATION  PAGE 


•  foff^  ikfifirovfni 

OAM  No  OfOt  CtU 


t**  •*«« 

V.  *♦  *.'7^  *•  .  *  .  /  >?•  -J 


*•*••  •  ••^*4#  •«w' 

f  *•»  ^ 


wr  ^w**^  *r-  Ml* .  •  '‘*V  ur«' 

*  ,*•  r-*  W-»^  ,  •#y*  I*-  \  P*t  .'•  *«♦ 

•  •  •  •  p-‘  ?T*  r*M  A***  ■  '  •“  .  '  .' 


1  ACINCV  USI  ONLY  av<r«  dun*)  .>  WPONT  OATI 

I  11  Nov  1994 


*.  TlTLl  AND  SUtTint 

Toac  Op«r«tloiu  Procadur*  (TO?) 
1*2-616  Tt'oplc  Expoiura  Tatting 


I  MtOAT  TYM  ANO  OATfS  COVIRlO 


1  YUNoavc  Nuttains 
UU  A26i44S 


V_'./ 


7  RfRlOAMiNC  OROANUATlON  NAMKS;  AWO  AOCai&|(l 

CoNMndar  ^  - 

U.S.  Aray  Dugvay  Provit\g  Ground 
ATTN:  STEDP-WD-AT 
Dugway,  Utah  84022-5000 

>9  SPOHSCa  SL  MwN  so  Aomf  MAVI  S  AKO  AODAIISil  L 
Coaiiande  r 

U.S.  Aray  Tast  and  Evaluation  Coaaand 
ATTN:  AMSTE-CT  T 

I  Abardaen  Proving  Ground,  HO  21005-5055 

u  sl"-  avis'L"  KC'ii 

Dafense  Technical  Information  Cantar  (OTIC),  AO  NO:  A 

T  “  "  •>'  '  '  .■•■  i>  4  ,  i. t  .  ’ <  1 1 s 

Approved  for  public  release; 
distribution  unlimited. 


■  afA>oaAM»G 
aiaORT  NuwaiR 

TOP  1-2-816 


10  iACALOBN-  VON 'C* 
ACIKCi  AivCK*  NoAWtS 

I  Same  as  Item  B 


Ut  OtSTkit  JT  ON  10>  ! 


This  TOP  describes  general  procedures  for  atmospheric  field  exposure  of  materials 
in  a  humid  tropic  environment  and  for  measuring  change  in  physical  propart  las 
of  the  materials  after  exposure.  It  also  dascribes  the  various  exposure 
sites  available  at  the  U.S.  Army  Tropic  Test  Site. 
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1  SCOPE  This  Tast  0;»*ratton*  Ptocadure  iTOP>  dascribas  ganoral  ptocaduras 
tor  atoospl.ai  ic  field  eapoaura  of  oatarials  tn  a  hiMid  tropic  anvironaani  artd 
(or  aaaaurinf  changaa  In  physical  proparttaa  of  the  aatarial*  altar  aapoauta 

2  rAklLIIIiiS  m  IMSHUtHffAliflii 

2  1  FaiiillLiaa 

a  Expoaura  Facllitiaa  The  United  Stataa  Artsy  Tropic  Teat  Site  (TTS) 
Fort  Clavton.  Panama,  haa  a  nisdhsr  o|  attaa  available  tor  vu>oaura  of 
■ata'lela  Those  altaa  provide  various  tropic  aacro  anvltonisants  each  ona 
haviiiA  peculiar  conditloru  that  accalarata  epee  if !c  anvlronAantal  effects 
The  appropriate  exposure  site  should  be  selarted  baaed  on  the  unique  require 
■wnta  of  the  teat  itaa  A  brief  deecrlptton  of  the  A*'toral  envlrotasantal 
conditloru  at  each  site  is  preaentod  In  Appe  .dix  C  A  masber  of  dtfforent 
•Icro  envlroiasants  also  aav  be  (oumI  at  each  exposure  site  Thaaa  should  ba 
reruldarad  uhon  aelactltiA  a  apaclflc  location  at  t'ha  axposure  site  Each 
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Micro- •nvlronavnt  will  affect  tha  Matorlal  dlffarantlv  Tharafor*.  all  micro 
anvlronaanta  praaant  at  anv  alta  ahould  ba  conaldarad  at  tha  tost  plannlni^ 
stags  during  sits  salsction 


fcsposur*  Sitss  Notatials  asposura  will  ba  cocwluctad  in 

tha  natural  snvironasnt  A  suitabls 
asposurs  sits  should  ba  sslactad  in  tha 
huMld  tropics  basad  on  tha  aspactad 
an/ironaantal  conditions  undar  wtiich  tha 
tast  itsM**  is  intandad  to  ba  uaad 
(fsnarallv.  sslsction  of  asposurs  sitss 
should  ba  mads  in  tha  most  ssvsra.  vat 
rsalistic  natural  anvironmant  aval  labia 
to  incraasa  tha  chancas  of  datseting 
matsrial  problams  Envlrcinmsntal 
paramatats  norsMllv  conaldarad  for  sits 
salsction  ara 

a  Oailv  Tomparatura  (high.  low.  maan) 

b  Ralativs  Humidity  (high.  low.  maan) 

€  lUinfall  (monthly,  daily) 

d  Vagatation  Dascrlptlon  (typas.  stam 

sixs.  atom  danslty  and  haight) 
a  Solar  Radiation  (Intsnsity.  wavalsngth 
rangs) 

f  Soil  (typa) 

g  Wind  (diraccion  and  spaad) 

h  Atmospharlc  Salcfall  (Chlorida) 

(mg  |C1  |/(m*  day)) 
i  Microbial  Activity  (Isvals) 

J  Insact  Activity  (typas  and  Isvals) 


hOTi  Tha  import ancs  of  sach  of  thass  paramotors  is  discusssd  in  Appandix  B. 


Laboratory  Facility  This  facility  has  a  suitable  environment 

for  conductiiig  laboratory  tests  to 
■teasure  physical  proporties  of  test 
materials.  Storage  of  control  mateiial 
samples  is  normally  accomplished  under 
controlled  envlronaantal  conditions 
within  tha  laboratory  facility 


"Kstsrs  to  sn  i tvd  1  v i dtia  1  material  specimen 
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N«t«otologlcal  Sit* 


tk|,iOsurr 


SAMf'l*  Holdvrs 


IiuitrvHMnts  for  colloctlng  cllMCologlcttl 
data  during  cha  axpoaur*  tast  should  b* 
locatad  in  tha  iMMdlat*  araa  of  ^h* 
auitarials  undar  tast  Hlstrrical  data 
MV  provlda  suitabla  charactsrixaclon  ol 
Mtaorological  conditions  for  long  tans 
axposur*  programs 

Thao*  atructuras  ar*  uasd  to  hold  tha 
tast  Mtarlals  at  a  spaciiiad  h*i|(ht  and 
angl*  ol  axposur*  Th*  racks  aust  be 
sacurslv  anchor *d  tor  prot*ction  against 
high  saasonal  winds  or  tropical  stonss 

Most  SMtsrial  saasplas  tastod  will  not  b* 
suitabl*  tor  swunting  diractlv  on 
axpoaur*  racks  In  thas*  casas.  Baag>l* 
holdars  arc  usad  to  support  tha  tast 
spac  mens 


b  txposui*  Nodes  Th*  isatarlals  to  b*  tasted  nav  b*  svsluatad 
accoidini;  to  snv  ot  th*  tollowing  conditions  (or  exposure  nodes)  undar  wltlch 
th*  aataiials  ar*  Intandad  to  b*  usad  or  stored 


Mods 

Direct  Lxposura 


Open  Shad 


Storehouse 


2  2  instrumentation 


Exposure  to  all  prevailing  atmospheric 
a  laments 

Exposure  undar  a  roofed  structure  with 
open  sides  pemlttlirg  fra*  air  flow  but 
not  subject  to  direct  sunlight  and 
rainfall 

EspOsure  appioxliiataly  IG  cm  above  the 
ground  on  a  pallet  and  covered  with 
tarpaulin  to  exclude  direct  sunlight  and 
rainfal I 

Exposure  in  a  large  building,  cent,  or 
buirker 


s  ileid  Instru  tani*  Th*  tollowing  types  oT  Instumenis  are  rsqulred 
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fcr  fi«ld  inspection  and  data  collection.  Accuracy  of  the  inatruaents  will 
depend  upon  specific  test  requireaents  and  should  be  addressed  during  test 
planning  with  attention  given  to  the  sMxisaia  permissible  errors. 

(1)  Heteorological  Instruments. 


Devices  tor  Meaaurins 

TemperHture 

Relative  humidity 

Raintall 

Solar  radiation 

Wind  speed 

Wind  direction  streight/steady 

Atr-salt  deposition 

Oione.  Nitrous  Oxide, 

Hydrocarbons .  Sulfui  compounds 

Ambient  light 

(2)  Hiscellaneous  Instruments 
Sea^>le  weight  chongee 

Visual  changes  of  sdwple 

Distances 

Heading 

Surface  analysis 
Sample  characteristics 


M«e»ureBisnt  of  Accuracy 
±  2*C 

<  90X  +  IX.  i  90X.  ±  5X 

±  1  ■■ 

±  SX  of  cumulative.  1  ?X  of 
individual  reading 

±  SX  of  observed  value 

i  ?* .  gusts  ±  10* 

*  lOX  of  measured  value 

±  lOX  of  measured  value 

X  lOX  of  measured  value 

1.  0  IX  of  measured  ''slue  or 
as  otherwise  sped*  led 

as  specified  b'  the 
appropriate  r  andard 

X  1/3000  (surveyed)  of 
observed  value.  1  2X 
(vehicular)  of  observed  velue 

1  ’• 

X  lOX  of  measured  value 

os  specified  by  the 
appropriate  atar.dard 
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Durability 

Color 


i  0.02  Mi,  O.IS  of  Maaurod 
v:;>iu«,  or  as  apacifiad 

1  3X  of  axpactad  aarvica  Ufa 

±  1  color  chart  diviaion 


b.  Laboratory  InacruManta .  Tha  aalactad  procaduraa  for  MaaauraaMnt  of 
■atarial  charactariatica  (para4raph  3.1.d)  will  datatwina  tha  raquirad 
laboratory  inatruaanta  for  tha  axpoaura  taat.  Tha  raquirad  accuracy  of  the 
inatruaanta  uaually  will  ba  givan  by  aalactad  atandard  procaduraa  (a.g., 
AMrlcan  Sociaty  for  Taating  and  HatariaU  (ASTM)  atandarda  or  Fadaral  Taat 
Hethod  atandarda)  and  should  ba  addraaaad  during  taat  planning. 


Chaiigas  in  tanalla  atratigth. 
alaatlcity,  and  abaoluta 
elongation  of  polyaara,  aMtala 
and  fabrics 

Surface  deterioration,  fungal 
growth,  and  contaainat Lon 

Locating  surface  and  sub -surface 
flaws  in  the  ■atarlals 

Thickness,  length,  width,  depth, 
inside  diiawter,  outside  die- 
■atcr,  and  other  physical  diaan 
sions  of  the  teat  aaterial 

Precise  weight  of  teat  aaterials 

Changes  in  peraeabilitv  of 
fabrics  and  packaging  aaterials 

Inorganic  awtarials  such  as 
corrosion  products 

Oacaraining  chaaical  changes  in 
surface  of  organic  aatoriali 


1  2T.  of  aaaaured  value 


as  specified  by  the 
appropriate  atandarda 

as  spec  if  ltd  by  tha 
appropriate  standards 

i  0  02  MS,  i  0  IX  of 

aassureawnt 


0  IX  of  aeasured  value 
±  bX  of  aaaaured  value 


as  spec  If  lad  by  tha 
appropriate  atandarda 

as  apacifiad  by  tha 
appropriate  atandarda 


1  iLtflwi&M  mi  moxiims 

31  Pretest  Preoaratian 

a  Establish  scope  and  objective (a)  of  axposure  teat 


b 


For  exaaq>le. 
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•xposura  tasta  say  ba  plannad  to  perait  raporting: 

(1)  Chuigax  In  tha  physical  propartlas  of  tha  aatarial  attar  a 
apse if lad  axposura  tlaa; 

(2>  Exposura  tixM  to  tha  occurranca  of  a  apa<.itxad  physical  change 
1r  tha  BUitarial  or  of  a  spacific  avant.  such  as  tha  accuaulation  of  a 
spaciflad  SMount  of  solar  radiation; 

(3)  Dagradation  prof 11a.  naaaly  a  record  of  a  aeries  of  iMiaauraaMnts 
of  changes  in  physical  charactariatlcs  after  specified  exposure  periods 

b  Select  expeaure  aite(8)  and  aodefs)  of  exposure  and  dataraina  the 
physical  characteristics  of  the  isaterial  to  be  aonltored  and  sMssured 
Selection  of  the  exposure  slte(s)  and  »oda(s}  should  be  auide  on  ths  basis  of 
the  expected  envlronaantal  conditions  under  which  the  teat  aaterial  is 
intended  to  be  used  While  selecting  the  exposure  sitsts)  consider  Che  nose 
severe,  yet  realistic,  reicural  envlrotssenc  available  to  increase  the  chances 
of  dstecting  ataCerial  deterioration.  Selection  of  physical  character iacics 
to  be  measured  should  be  baaed  on  the  expected  end  use  of  Che  ttaCerlal 

c  Establish  fixed  procedures  for  pr*’  ring,  conditiorting,  and  cleaning 
of  Che  Material  speclaana  The  procedures  will  vary  with  Mterials  but  nust 
be  uni  for*  to  provide  coaparative  raaults 

d  Establish  Isboiatorv  Mthods  snd  procedures  for  aessurmsent  of 
astei ial  chsracter isc ics  When  available,  standard  aethods  and  procedures 
should  be  eaployed.  such  as  Federal  Test  Method  standards  or  hSTM  stsndards 

e  Peteraine  required  Inst ruaentet ion  snd  its  accuracy  for  aeasursaent 
of  aster Isl  characteristics  in  accoru«nce  wici<  < 4aW>  selected  aethods  snd 
procedures 

1  Design  dele  collection  sheetis)  for  rollertlon  of  laborstorv  test 

data 

g  Establish  scoring  standards  or  ay^'tsas  for  application  during  visual 
inapactions  of  the  exposed  aateirlal  saaples  Appendix  E  Includes  eight 
references  as  guides  for  visual  evaluation  ''**** 

h  Establish  exposure  test  period  Dura*  on  of  exposure  is  deterained 
by  the  requlreaent  of  the  individual  test  and  .vs  aaterlal  under  test  For 
exaaple  suiterialB  such  as  ce<'aaics  dateriorste  slowly  over  a  period  of  years 
while  carbon  steel  alght  rust  through  within  eight  weeks 

1  Estebllah  e  field  inspection  schedule  and  e  asaple  retrieval 
schedule  An  appropriate  retrieval  schedule  is  critical  to  the  test  The 

***Superscr ipt  nuabers  correspond  to  chose  in  Appendix  E.  References 
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schedule  is  detervlned  by  the  severity  of  the  exposure  site,  the  degradation 
characteristics  of  the  Material,  text  duration,  and  test  objectives.  The 
following  saatple  retrieval  schedule*  are  based  ot.  experience  of  Material 
exposure  at  TTS  sites  and  are  intended  for  general  guidance  only. 


Average 
Exposure  Tiae 


Typical  Retrieval  Schedule 


Carbon  Steal  8  weeks 

(thickness,  0.25  aa) 

Cotton  Fabric  1  year 


Plastics  (polyvinyl  1  year 

chloride  and  nylon) 

Latex  (natural  rubber)  3  aenths 


Weekly 

Biweekly  for  first  B  weeks;  Monthly 
thereafter . 

Biweekly  for  first  B  weeks.  Monthly 
thercaf  ter 

Daily  tor  first  3  weeks,  weekly 
thereafter 


J  Estiaate  the  total  saMple  size  of  Material  required  to  SMict  the  test 
objective  Estination  of  the  saaple  size  should  be  based  on  the  test 
I'equireaents .  exposure  test  length,  retrieval  schedule,  type  of  laboratory 
test  ( dest rue t i vc/nondest rue t ive ) .  repsatabi 1 1  tv  of  MeasursMent  techniques, 
expected  Material  deterioration  pattern,  and  prior  knowledge  of  Material 
hoMogeneitv  The  saMple  size  should  iirclude  a  sufficient  nuMber  ot  saMples 
to  serve  es  control  saMples  (Paragraph  33)  A  statistician  and  Materials 
engineer  should  be  consulted  foi  assistance  in  estiMating  the  required  saMple 
si:**  Ihis  is  a  critical  step  in  teat  planning  because  an  insufficient  saMple 
sice  will  Jeopardize  Meeting  test  objectives  If  test  Material  is  available 
during  the  test  planning  phase  procedures  at  paragraph  11b  should  be 
per(orSM>d  at  this  t  iMe 

k  Establish  the  expel iarntal  design  and  statistical  analyses  proposed 
for  addressing  the  objectives  ot  The  exposure  test 

I  Prepare  a  frit  oprrer i'»n*  checklist  using  the  checklist  provided  in 
Appendix  A  as  a  guide  The  test  operations  checklist  should  cover  specifics 
tor  the  test  Material  t>ind  test  Milestones 

3  1  1  Facilities 

a  Exposure  Site  Measure  and  record  appropriate  envlronMcntal  site 
paixMeters  Install  exposure  rsektsi  The  area  beneath  the  exposure  tacks 
iihould  be  tvplcal  ot  the  ground  cover  ot  the  site  or  as  specified  In  the  test 
plan 


b  Meteorological  Site  Install  selected  instruMentat ion  tor 
MeasureMent  of  c 1 iMatological  data  at  the  Meteorological  site,  if  feasible 
and  required  Historical  c 1 iMatological  data  Mav  be  sufficient  to 
characterize  Meteorological  conditions  tor  long  tens  exposure  progrsMs 
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c  Expo»ur«  Racks  Tha  design  of  the  exposure  racks  (Figure  1)  depends 
on  the  size  and  characterization  of  the  test  aaterial .  Racks  and  aaaociated 
hardware  should  be  constructed  of  materials  chat  are  highly  resistant  to 
corrosion  Aluminwuts  Alloy  Ro  6061  >76  and  Honel'^  are  reconmwndad  as  con¬ 
struction  materials  Generally  the  racks  should  be  designed  to  position  the 
exposed  surfaces  of  the  material  specimens  at  an  angle  of  30  dtgreas  to  the 
horizontal,  facing  south  or  east  For  some  materials,  ocher  orientations, 
such  as  vertical  or  horizontal,  may  be  required  The  exposure  rack  should 
not  normally  constitute  a  backing  for  the  specimens  The  rack  should  bt 
designed  that  Che  lowest  specimens  positioned  on  the  rack  are  exposed  at  a 
minimuff  height  of  115  cm  above  the  ground  level,  as  shown  in  the  figure 
below,  unless  otherwise  dictated  by  the  expected  use  of  the  test  material 


Figure  I  Typical  thir  :y  degree  expoiiurc  rack  (rack  may  be  65  degrees) 

(Fraier  material  Is  slotted  aluminum  angles,  approximately  1  1/2 
(3  81  cm)  by  2  l/'2  (6  35  ca )  inches.  0.1  (0  25  cm)  inches  thick  ) 

d  Sanple  Holders  Sasiple  holders  should  be  constructed  of  an  inert 
material,  such  as  cetamli:  iniulators .  aluminur  extruded  shapes,  and  plexiglass 
scrips  The  sample  holdnrs  iihould  be  designed  so  that  the  apaclmen.i  cannot 
shift  position,  yet  not  be  constrained  (i  e  .be  free  to  expand  or  contract 
with  thermal  changes,  to  swell  from  moisture  absorption  or  to  shrink  bacause 
of  plasticizer  loss)  The  geom4.-cric  shape,  expected  static  or  dynamic  stress 
use ■ condi t ions .  physical  size,  weight,  flexibility,  and  resistance  to  air  flov 
of  the  specimens  must  be  considered  In  the  selection  of  the  speclaen  holders 
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Unlass  specified  by  the  design,  the  speciaen  holder  should  not  constitute  s 
becking  for  the  portion  of  the  aeteriel  to  be  evaluated. 

3.1.2  Instruaenration. 

Ensure  that  and  laboratory  instruiwnts  are  calibrated  lAU  Ansy 
Regulation  (AR)  750-25* 

3.1.3  Test  Speclaans. 

a.  Test  specimens  should  be  procured  froa  the  saac  suiterlil  lot  to 
optinire  hoaogenslty.  The  speciaens  should  be  prepared  anvi  conditioned 
identically  lAV  selected  procedures  (Paragraph  3  l.c) 

b  Exposure  test  speciaens  aay  be  of  any  size  or  shape  that  can  be 
aounted  in  a  holder  directly  applied  to  the  racks  or  aa  specified  by  the 
appropriate  test  design.  The  speciaens  aust  be  of  su.fficient  size  so  chat  an 
appropriate  nuaber  of  suitable  speciaens  aay  be  cut  for  evaluation  Exposure 
Cast  speciaens  should  be  large  enough  «o  chat  aounting  adges  can  be  raaoved  if 
test  results  would  otherwise  be  affected. 

c  Normally,  all  aaterials  of  unknown  end-use  application  will  be 
exposed  in  an  unbacked  condition.  When  conditions  of  us#  are  known,  the 
specimen  exposed  will  be  displayed  in  a  aanner  that  conforas  to  the  proposed 
use  aodc  Backing  aay  be  necessary  to  siaulate  the  propoaed  us#  aode  The 
effect  of  tacking  is  highly  significant  and  aay  contribute  Co  the  degradation 
as  a  function  of  reflectance  and  heat  absorption  Backing  shall  be  used  only 
to  siaulate  an  end-use  systeo  rather  than  as  a  standard  mounting  method 

d  All  test  speciaens  should  be  marked  with  appropriate  identification, 
which  aust  remain  legible  throughout  the  exposure  period  The  rack  itself  and 
the  position  on  the  rack  should  be  identified  After  all  speciaens  are  placed 
on  the  racks,  the  test  officer  should  have  a  detailed  sketch  or  photograph.ic 
record  ot  the  coapleCed  rack. with  all  the  appropriate  Barkings  and  identiflca- 
t  ions 

e  The  speciaens  to  be  removed  after  each  ratr level  interval  shouKI  be 
determined  before  exposure  These  speciaens  should  be  exposed  tandoaly  on 
different  racks  to  ensure  a  reprasentative  exposure 

f  Packaging  is  an  iaportant  factor  to  be  considered  before  exposing 
the  aaterial.  The  packaging  method  should  not  damage  or  alter  any  properties 
of  the  speciaens  while  transporting  the  retrieved  speciaens  beck  to  the 
laboratories  for  detailed  analysis  Preferably,  each  apeciaen  should  be 
wrapped  individually  in  an  inert  envelope,  such  as  paper  or  plastic  In  cases 
where  specimen  surfaces  are  to  be  examined,  soft  padded  tissue  should  be  used 
to  wrap  the  speciMns  Plastic  bags  aay  be  s.aled  as  appropriate  Desiccant 
packs  Bust  be  used  if  the  materiel  is  subject  to  degradetion  by  hualdltv 
Sihipplng  of  speciaens  should  be  by  tbs'  fastest  method  available 
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3.2  Knvironagntal  lunact  Aasessaant 

■  In  coa^lianca  with  the  Netlonel  Environmental  Policy  Act  (NEPA) ,  the 
Department  of  the  Amy  (DA)  requires  that  a  life  cycle  enviroraeental  document 
(LCED)  be  prepared  and  that  potential  environmental  impacts  be  amaeasad  at  the 
earliest  practicable  stage  In  the  planning  process  of  all  tests.  Proposed 
testing  at  U.S.  Army  Test  and  Evaluation  Command  (TECOCf)  facilities  shall  also 
be  assessed  for  environmental  impact  An  appropriate  Record  of  EnvironaMntal 
Consideration  (REC)  is  required  for  all  tests.  When  a  proposed  action  may 
significantly  affect  the  quality  of  the  environment,  is  highly  environmentally 
controversial,  or  is  expected  to  evoke  litigation  based  on  environsMntal 
issues,  a  detailed  envirr tseental  impact  statement  (ElS)  shall  be  prepared  and 
evaluated  lAW  SEPA  processes.  Before  the  cast  begins,  the  project  officer 
shall  ensure  that  an  LCED,  a  REC,  and  an  ElS.  or  other  appropriate 
documentation  has  been  received  and  understood 

3  3  Test  Controls  and  Limitations 

Tliere  are  basically  two  types  of  control  samples  ag«-d  and  unaged 

a  Unaged  control  specimens  are  those  material  specimens  tested  prior  to 
any  storage  or  exposure  The  resulting  test  data  are  used  as  baseline  data 
(zero  time  on  the  performance  versus  exposure  tisw  graphs)  and  for  confirms 
tion  of  the  previous  asausiption  of  the  degree  of  sample  homogene  Ity  ( Paragraph 
3  1  j)  used  for  estimating  the  total  sample  size  required  fur  the  exposure 
test  The  size  of  the  sample  allocated  to  this  control  group  should  be 
determined  by  s  statistician  experienced  In  experimental  design  Based  on  the 
test  results  ot  the  unaged  control  samples,  modification  of  the  specimen 
retrieval  schedule  or  changes  to  tl.e  exposed  sample  size(s)  may  br  required 
for  achievement  of  the  test  objectives. 

b  Aged  control  specimens  are  thoi?e  material  specimens  stored  at 
controlled  standard  conditions  of  23^1*C  with  50^2  percent  relative  humidity 
and  covered  with  inert  wrapping  to  exclude  light  exposure,  unless  otherwise 
specifiei  by  test  requirements  These  samples  are  removed  periodically  from 
controlled  storage  and  are  tested  in  the  laboratory  along  with  exposed 
samples  Test  data  are  used  to  identify  the  occurrence  of  nontropic 
deterioration  effects  and  systematic  errors  In  laboratory  test  procedures 
Sufficient  material  specimena  should  be  allocated  to  this  control  group  to 
obtain  statistically  significant  cr.„r  results  A  statistician  should  be 
consulted  for  estimation  of  the  required  sample  size  Aged  control  samples 
are  also  used  for  comparison  purposes  duritrg  field  Inspection  of  the  exposed 
samples 

34  Patfl  Ryauirtd 

a  Description  ot  exposure  sice(s)  and  mode(s)  to  include 
( 1 )  Soil  ( type ) . 
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(2)  Vegat.ation  (type,  sted  sixe.  stea  lipaclng,  and  canopy  height): 
(})  Ground  cover  In  laaediate  vicinity  of  axposurf!  racks  (type):  and 


(I't)  Slope  of  bite  ida^raes) 

b.  Physical  location  of  aetaorologlcal  facility  relative  to  test 
Bite<  s) 

c.  Description  of  expaxur«  rack  and  saaple  holder  construction, 
d  Orientation  of  exposure  rack(s) 

e  Method  of  aounr ing  speclaens 

t  Hecord  of  aaterial  speciaen  layout  ofi  exposure  racks 

g  Description  of  aaterial  specimens  including  photographs 

h  Desciiprion  of  speciaevi  condir ioning  and  cleaning  procedures. 

i  Identification  of  laboratory  test(s)  to  evaluate  aaterial 
deterioration 

J  Identification  of  scoring  standards  for  visual  inspections 
k  Results  of  laboratory  tests  of  control  specimens  (baseline  data) 

I  Exposure  test  period 

»  Total  sample  size  and  allocation  of  specimens  to  control  and  exposure 
sirens) 

n  Field  inspection  and  specimen  retrieval  schedules 


a  Install  speciaens  on  exposure  racks  lAU  the  planned  layout  (Paragraph 
3  13d) 


NOTE  Soae  kinds  of  saaple  aaterlals  are  sensitive  to  contaaination  by  skin 
contact  For  such  materials,  it  is  important  to  handle  only  with 
suitable  gloves,  such  as  lint-free  cotton,  plastic,  or  rubber.  This  is 
Bore  of  a  requirement  on  initial  omplsceaent  than  on  retrieval 


b  Inspect  the  exposed  specimens  lAU  che  field  inspection  schedule 
(Paragraph  ill)  Record  data  on  Inspection  Data  Sheet (s).  a<  shovm  in 
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Appendix  A.  During  field  inapectlon.  exercixe  caution  in  inspecting  the 
speclmenB.  They  should  not  be  disturbed  unless  specified  by  the  test  design. 

c.  Retrieve  specittens  lAU  the  retrieve!  schedule  (Peregreph  T.1.1). 
Speclaens  should  be  peciteged  lAU  established  packing  instruction  (Paragraph 
3.1.3.f).  Transport  speciaens  to  the  laboratory  facility  expeditiously. 

d.  Perfora  laboratory  test  on  the  retrieved  speciaens  to  detemlne 
changes  in  their  physical  properties.  Perfon  laboratory  tests  concurrently 
on  speciaens  froa  the  aged  control  group  Record  iata  on  inspection  data 
sheets . 

e.  Coaplle  and  analyze  test  results. 

f  When  appropriate,  adjust  the  field  Inspection  schedule  and  speciaen 
retrieval  schedule  as  data  are  coapiled  and  analyzed  to  obtain  aeaningful  test 
results  or  to  reduce  test  costs.  Soat'  exposure  sites  aay  be  aora  or  less 
severe  to  the  specific  material  under  test  than  was  originally  eatLaated. 

4.2  Test  Controls  and  Liaitatlons 

a  Ensure  that  all  sensors,  recorders,  and  inatruasntation  are  in  a 
current  state  of  calibration. 

b  Ensure  chat  clean  plastic  gloves  are  worn  at  all  tiaes  when  aounCing 
and  removing  speciaens  if  so  specified 

c  Perfora  periodic  inspections  of  Che  exposure  site(s)  Co  ensure 
aaterials  are  properly  exposed  lAV  test  design 

d  Procure  test  sample  material  froa  the  saae  lot  to  optimize  saaple 
homogeneity 

e  Provide  for  unsged  and  aged  control  samples  (Paragraph  3.3) 

f  Utilize  randoaizatlon  techniques  for  the  following  actions  (consult  a 
statistician  for  proper  randoaizatlon  procedures) 

(1)  Sample  selection  froa  ascerial  lot. 

(2)  Specimen  allocation  (control  and  exposed  samples). 

(3)  Specimen  emplacement  on  exposure  rack(s) 

(4)  Speciaen  retiieval  froa  exponure  rack(s) 

(3)  Laboratory  testing  of  speciaens  (control  and  exposed  saaples) 
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a.  Dally  NeCsorologlcal  Data: 

(1)  Aablent  teaperatura  (niniaMM.  ■axiaua,  average)  in  *C. 

<2)  Relative  hualdlty  (alnlMaa.  oaxiaue,  average)  In  percent. 

(3)  Wind  apeed  (ainlaua.  ■axiaua.  average),  aa  required  in  a/aec . 

(4)  Wind  direction  (hourly  or  aa  required)  In  dagreea. 

(5)  Solar  radiation  (total,  horlzontal/vertical .  wavelength/ 
Intensity)  In  J/a^. 

(4)  Rainfall  (total  and  Intenalty) ,  aa  required  in  aa 

(7)  Sultfall  (total),  as  required  in  (aglCl"  ]/(a*’ day) )  . 

(8)  Other  air  contaalnanta .  as  required. 

NOTE:  Historical  cliaatological  data  aay  be  sufficient  to  chari.ccerlae 
aeteorological  conditions  fo,'  long  tera  expoaure  programs. 

b.  Field  inspection  data  for  each  speciaen  lAW  Inspection  Data  Sheet 
(Appendix  A) . 

c.  Laboratory  test  data  for  each  speciaen  (aeasureaents  of  physical 
properties  of  aatezials). 

d.  Duration,  location,  and  dates  of  exposure  for  each  speciaen. 

e.  Presence,  extent,  and  Identification  of  biological  growth  on  the 

exposed  spoclaens 

f.  Material  surface  deterioration  observed  visually  and  under  the 
alcroscope 

3  DATA  REDU(n:iQM  AND  PRESEHTAIIOH 

a.  Present  the  data  outlined  In  peragraphs  3.4  and  4.3  In  narrative, 
tabular  or  chart  forauit,  as  appropriate. 

b.  Compute  the  saBq>ie  means  and  standard  deviations  of  the  measured 
physical  properties  of  the  aaterlals  and  tabulate  by  exposure  site,  mode  and 
exposure  times. 

c.  Perform  appropriate  statistical  tests  to  deteraine  significance  of 
changes  in  the  physical  properties  of  exposed  aaterlal . 
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d  l>«v*lof>  gr^plu  «nd  display  photographs  for  significantly  dlffarant 
groups  of  data  to  show  changos  of  autorlal  propartia*  varsus  axposura  clisas 

a  Analysa  tha  data  as  raqulrad  to  dotaraliM  whothar  ohsatrvod  changos  In 
isatarlal  propartlas  ara  statistically  ralatad  to  spoclflc  onvironaMntal 
conditions 


TOr  l  2  §!% 
il  MovMibct  i9v.» 


I 


"tv^i 


ATrCNOlX  A  SAMPLE  TEST  OPttUTlOMS  CHECKLIST 
AHO  SAMPU  TEST  tMSPECTION  bATA  SHEET 

TMSt  OfMratton*  Ch«cfcllst 

_ It— _ Y»«  Mo  HA 

1  Scop*  iknd  (»bj«ctiv*a  oC  •Rpo*ur*  t**t  —tablishodv 

2  Expoaur*  «it*(*)  —d  iK>d*(s)  ••l*ct«d7 

)  H*cho<U  uid  procsdur**  s*l*ct*d  tot  — asuro—nt  of 
physical  prop*rti«s  ol  Mtorlals* 

A  Scoring  standards  s*l*ct*d  for  visual  Inspact Ions'* 

. ■  — I  ■  ■  -MM— 

b.  Flold  and  laboratorv  instru—nts  with  ra<)ulr*d 
accuracy  procurad? 

" "—  '  — 

fc.  Langch  of  sxposur*  t*sc  and  saaplr  six*  dacsralnad? 

7  Fiwld  Inspactlon  schadul*  astabllshad? 

S.  Saapla  ratrlaval  schodula  •stablish? 

MMBMM 

9  &as*llna  data  (control  saaplos.  paragraph  3  3) 
colloctsd  and  analvxsd? 

■■  ■■  ■■  ■  — —  ■■III 

10.  Exposura  rack(s)  and  saapl*  holdatls)  conatructadT 

MMMM  —a—  MM— 

11.  Hotaorolof leal  sit*  astabllshad? 

12  Raquirad  praparatory  data  (paragraph  3  <t)  racordad? 

MBiMM—  MBM— la-  — 

13.  Natarial  saaplos  anplacad  at  axposurt  sitafs)? 

l<i.  Tost  ailastonas  cuaiplatad?  (List  tast  ■llastonos  by 
data,  chack  off  as  coaplicacad. ) 

15.  All  aodlf Ications  to  Initial  tost  daslgn  docuuantad? 

16.  Raquirad  tast  data  (paragraph  4.3)  racordad? 
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nUUtCT  NO  _ 

SITE  _ 

DATE  _ _ 

UEATUER  CONDITION _ 

INSPECTOR  _ 

SPECIMEN  NO  _  RACK  NO 

DESCRIPTION  OF  SPECININ  _  _ 


1.  C«n«r«l  Appcaranc* _ 

a.  Surface  nature  (daacribe) 


b.  Surface  daiuige  (If  yee . 


type  of  danage) 

Yas 

No 

Irokan? 

Yes 

No 

Cracks? 

Yes 

No 

Scoring? 

Yes 

No 

Crazing? 

Z  of  Daaaga  _ 

Yes 

No 

c  Color;  Coapara  exposed  apaclaen  uith  aged  control  sa^;>leB  and 

describe  differences :  If  new 

color.  Identify  using  Hunaell  Color  Guide: _ 


Fading 

d  Is  saaplv 

e.  Appearance: 

2  Debris  (any  foreign  isaccer 


Yes 

No 

Transparent? 

Yes 

No 

Translucent? 

Yes 

No 

Opaque? 

Yes 

No 

GloBsy 

Dull 

on  saaple) ; 

Yes _ 

No 

a . 

Percent  top  surface  coveraxe: 

b 

Percent  bottoa  surface  coverage : 

c  . 

Color  of : 

d 

Shape  of 

e . 

labedded  in  aaterial: 

Yes 

No 

If  no.  is  it  loose? 

If  yes.  Rive  depth:  X  Coverage 

Yes _ 

No 
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f.  ld*ncify  natura  of  dabrla  (iu«  of  ■icroacopo  la  raconawndad) : 


Salta 

Yaa 

No 

Corrosion  products 

Yaa 

No 

Soil 

Yaa 

No 

Plant  axudataa 

Yaa _ 

No 

Sacda 

Yaa 

No 

Pollan 

Yaa 

No 

Sporaa 

Yaa _ 

No 

Algaa 

Yaa 

No 

Insact  agga 

Yaa 

No 

Othur  (Idantify) 

Yaa _ 

No 

g.  Collact  dabris  for  laboratory  analyaas 

1.  Surfaca  Taaparatura  (if  raqulrad)  _ (tlaw  takan) : _ 

6  Corrosion: 

Color(a)  (daacrlba) . 

Taxtura  (daacrlba) : 

Parcant  top  aurfaca  covaraaa(B> : 

Parcant  bottoai  aurfaca  covaraaa(a) : 

LocaClon(a)  (daacrlba - -uaa  photographs  or  llna  drawing  for  clarity); 


5  Condition 

a  la  tha  apaclaan  on  tha  rack?  Vaa  No 

If  no .  la  it  on  tha  ground?  Yaa _ No 

(idantify) 

If  no,  la  It  Blsalng?  Yaa _ No 

If  alaalng.  axplain: 

b  Is  tha  apaclaMn  daaagad?  Yaa _ No 

If  yaa,  by  -iltat  and  to  what  axtant  {daacrlba): _ 


6  Gthar  Covaanta  (for  •xmmpim .  changas  in  dinanalona  bacauaa  of  scratching, 
Bwalllng  or  ahrinkina) : 
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APPiWDlX  B  UtPORTANCE  OF  BKVIBOMHENTAL  PAKAHETOIS 


1  TsM^raturc:  Th*  rat*  of  chaalcal  raaetiona  incroaaaa  with  t*a|Mir*tur* . 
Many  nicroorsanisw  axhibit  •axloMB  growth  «it.an  t*a|>«ratiu:*a  ar*  batwaan 
24  and  34*C  Air  and  aurfaco  taagiaratur*  iM44aur*Mnta  ahould  ba  nada  if  tha 
atudy  ia  daaignad  to  davalop  cauaa*affact  ralations. 

2.  Huaidicy:  Condanaation  bacoaaa  a  problaa  whan  tha  ralativa  huaiidity 
approachaa  100  parcant .  Uatar  aa  vapor,  can  diffuaa  into  alaoat  any  containar 
through  pinhola  or  crack*  largar  than  0  001  aicrona  (p)  and  condanaa  thara. 
Uatar  halpa  datariorata  natariala  by  aarving  aa  a; 

growth  nadiua  tor  bactaria.  fungi  and  othar  Bicroorganiana . 

tranaport  laadiuB  for  chaaicala. 

BodiuB  tor  chanical  raactlon. 

hydration  agant  for  dry  Batarials.  cauaing  than  to  avail. 

1  iUinfall  Tropical  rainfall  la  uaually  a  heavy  downpour  of  a  ralativaly 
ahott  duration  Two  Inportant  effacta  on  natarlala  ara  aa  follow*:  tharaal 
ahock  dua  to  rapid  coaling  cauaod  by  water  on  hot  aurfaeaa,  and  watting  of 
aurfacaa.  thua  initiating  corroaion  procaaaaa  Rainwater  noraally  contain* 
dlaaolvad  aalta  and  la  aaturatad  with  oxygen  Thia  water  providaa  an 
electrolytic  path  for  corroaion  propagation 

a  Vegetation  Sob*  typaa  of  vagatatlon  axud*  tannirui .  augara.  and  othar 
natural  plant  product*  that  nay  eupport  aicrobial  growth  and  corroaion 
procaaaaa 

b  Solar  Radiation  (to  include  ultraviolet  radiation).  Radiation  can  daaag* 
axpoaad  eaaplea  catralng  croea  llitklrtg  and  change*  In  polyaaric  xtructur*  aiM 
color  Solar  radiation  atay  daaaga  heat  aanaitiv*  ItoBa  and  cauaa  aubliaation 
of  polynara  and  aolvanta. 

6  Soil  Type;  Soil  chaaiatry  arui  aurfac*  water  influence,  aoiature  abaorp- 
tlon,  inaact  Infeatatlon,  rot.  and  corroaion  procaaaaa  of  aatariala  uaad  or 

ScGfwu  isStBiT  ^STCXITiw  gwVwa 

7.  Wind  Direction  and  Speed:  Uind  direction  and  Intenaity  will  influence  the 
aaount  of  particulatea  that  iapinge  on  the  teat  aaterial  At  coaatal  aitex. 
Bolatur*  and  aolt  are  alao  tranaporced  by  wind*. 

B.  Salt  Air  Airborne  salt  will  greatly  increase  the  corroaion  of  aetalx, 
expacially  galvanic  corroaion  Site*  with  heavy  xaltfall  exhibit  rapid 
corroaion  ratea 
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9.  Hicroblal  Activity:  Hicroblcl  Activity  !•  ij^tortant  vlwimvAr  Micro- 
ortmniuu  uatt  th«  OKposod  ••a|>lr  as  a  nutrition  aourcs  or  ^dion  tha  MtAbolic 
products  ara  datrlMcntAl  to  tha  MAtarial. 

10.  liuiact  Fauna ;  Enpoaura  itAMs.  in  aumy  inatancas,  sarva  as  food  and  as  a 
habitat  for  a  variaty  of  insacta  Hatabolic  waata  froa  thasa  insacta  aay 
daMAA*  the  axpoaura  itaas  throu4h  tha  action  of  organic  acids  or  by  acting  as 
a  substrata  for  microbial  attack. 
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APPDiOli:  C  DBSCElPTlOti  OF  USATTS  EXPOSURE  SITES 


1.  U  S.  Amy  Tropic  Tost  Sito  (TTS)  ho*  osposuro  oitos  on  cho  Atlantic  and 
Pacific  sidas  of  tha  Panaiui  lathiaua.  A  daacrlptlon  la  glvan  of  tha  aavarlty 
of  aavaral  oKpoaura  altas  for  aalactad  auitarialj  in  tha  USATTC  raport . 
Datarainatlon  Optimia  Tropic  Storafa  and  Eapoaura  Sltaa.*  Tha  cllaata  of 
tha  TTS  aitaa  la  claaalfiad  aa  aithar  constant  hL(h  hualdlty  or  varlabla  high 
huBidity  by  AK  70-38  .^  Additional  axposura  cast  Inf  data  »ay  ba  found  In 
USATTC  raport,  Hatarlal  Tasting  In  tha  Tropics  ’ 

2.  On  tha  Atlantic  aids,  thara  ara  four  atiaospharic  asposura  altos  All  ara 
locatad  on  Fort  Shartaan 


SiJLU 


Grid  Coordinataa 


Fort  Sharman  Braakwatar  Eaposura 
Fort  Shaman  Coastal  Exposura 
Fort  Shaman  Opan  Exposura 
Fort  SharBan  Forast  Exposura 


13603614 

13203396 

14803484 

14603113 


a  Tha  Braakwatar  Exposura  sita  is  locatad  on  tha  wast  braakwatar  at  tha 
northarn  antranca  of  tha  Panami  Canal  on  Toro  Point  Tha  araa  is  barren,  with 
sparse  vasatation.  Wind  blows  continuously  froai  tha  north  Thara  is  consid- 
arsbla  salt  spray  bacsusa  of  tha  coabinad  affect  of  continuous  wave  action 
and  wind  Tha  site  is  opan  with  no  shads  and  is  84  by  4  3  Mters  It  has 
stands  and  panel  racks  of  Honal  and  additional  space  to  accosHodsta  Bora  racks 
and  spaclBans  It  is  tha  Bost  aEftrassiva  natural  atBOSpharic  corrosion  site 
in  the  world  * 


b  Tha  Coastal  Exposura  Site  is  locatad  about  300  Botars  wast  of  tha 
Braakwatar  Sita.  30  Batars  Iron  tha  water  line,  and  protected  by  a  coral  reef, 
which  greatly  reduces  wave  action  and  Bakes  atstonpharic  saltfall  Mrs  typical 

‘Sprouse,  J  F  .  H  O  Neptune,  and  J  C.  Bryan,  Datamination  of  Pot i »uni 
Tropic  Storage  and  Expoaura  Sitaa.  Eaaort  fay*rUal  Data  Canal  Zona. 

U  S  Amy  Tropic  Teat  Canter.  TECOH  Project  No  9-CO-0O9-OOO-OO6 .  AO  A0C3017. 
USATTC  Raport  No  7403001.  March  1974 


Hatcrittl  for  Extrmmm  CllMtic  Condition,  i  AufUBt  1979 


*Hatarlel  Tasting  in  tha  Tropics.  U  S  Amy  Tropic  Test  Canter.  TECOH  Project 
No  9 -CD- 150  000-009.  USATTC  Kapott  Ho  790401.  April  1979 


'Downs.  George  F  111  and  Earl  A  Baker,  CoBBaratlva  Corrosion  Evaluation: 
Fort  ShuTBtn  FinilHi  intl  Ktfg*  Baach.  North  Carolina.  U  S  Amy  Tropic  Test 
Center .  TECOH  Project  No  7 -CO-R87 -TTO-003 .  USATTC  Raport  No  891001, 

1989 
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of  othot  urine  exposure  eltes.  The  fenced  area  is  12  by  20  uters,  larj^ely 
coral  soil,  covered  by  grass.  There  is  no  shade.  Alisainuai  racSts  and  exposure 
cabinets  are  available  at  this  site.  Although  substantially  lass  aggressive 
than  the  Breakuater  Site,  continuing  high  huaidity,  war«  teaperatures  and 
frequent  wetting  and  drying  coMbina  to  uke  this  site  sore  aggressive  than 
Most  other  urine  ataospheric  corrosion  sites  * 

c  The  Open  Exposure  site.  AO  by  30  uters.  is  about  1.6  kilouters 
Inland  The  atawspheric  saltfall  is  such  less  than  at  the  Coastal  or 
Breakwater  sites.*'  The  site  floor  is  covered  ustly  by  grass  and  there  is  no 
vegetation  to  shade  the  exposure  racks.  During  the  rainy  season,  the  water 
table  is  at  or  near  ground  level .  resulting  in  very  high  huaidity  near  Che 
surface  Coaurcial  electric  pojer  is  available 

d  The  Forest  Exposure  sits  is  located  in  a  tropical  aoist  forest  The 
forest  canopy  covers  the  site  coapletely  and  Che  trees  are  considered  uturc 
The  relative  huaidity  at  this  site  reuins  fairly  constant  tiear  9S  percent 
during  the  wet  season  (ald-Harch  to  aid-Decesdisr )  Little  sunlight  resches 
the  forest  floor  end  the  stuspheric  eeltfall  is  low  This  site  should  be 
used  for  exposure  of  noncrlticsl  uterials  because  it  is  unguaidsd.  snd 
untenced  Alternating  current  (AC)  power  Is  not  evelleble 

1  On  the  Pacific  side  of  the  Istliaus.  TTS  has  two  sites  in  Fort  Clayton  and 
one  rite  in  kodaan  Navel  Station 
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Fort  Clsvton  General  Purpose  Test  Ares 
Fort  Clayton  Multipurpose  Test  Area 
Kodaan  Naval  Station  Munitions 
Survelllsncc  Site 


S56O9BS0 

SB129S23 

32479160 


a  The  Generel  Purpose  Test  Area  has  a  variety  of  different  alcro- 
envlronunts  because  of  Its  relatively  large  area  They  differ  froa  each 
other,  such  as  under  canopy,  in  ths  open,  on  s  creek,  on  s  slope,  grasslands, 
etc  This  test  ares  is  not  secured  and  is  currently  only  In  use  for  tests  of 
teralt#  insecticides  on  treated  stakes  Because  of  frequent  Intrusions  by 
local  nationals  and  troops  In  training,  thsrs  Is  no  guarantse  or  expectation 
ol  security  of  any  items  left  in  the  area  unlesa  they  are  under  constant 
surveillance  Also  because  of  its  relatively  large  aaount  of  grassland, 
precautions  against  fire  must  be  taken  during  the  late  dry  season  (aid- January 
to  aid -Apr  11) 

'Ibid 

Mbid 

'Holdrldge.  L  R  .  et  al  .  Forest  Envtronaents  In  Irnpical  Uft  Zona. _ g 

Pilot  Study  London  Pergaaon  Ptess.  1971 
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b  Til*  Hultlpurpos*  T*Bt  Ar««  was  foraarly  uaad  prlsarily  to  cast 
collapsibla  fabrU  fual  tanks.  Tha  slta  consists  of  a  sacurad  fancad  araa  of 
17  baccaras.  Tauporary  offlcs,  storage,  and  aainCsnanca  building  space  is 
provided  within  tha  sacura  araa  The  sits  is  character izad  by  high  solar 
radiation  and  low  saltfall  Vagatation  rangas  froa  tropical  aoist  forast  to 
grass  covered  Benas  are  available  for  fuel  tank  testing  and  racks  and  cages 
can  be  aracC:>d  fnr  other  exposure  Casting  laprovad  roads  reach  all  areas  and 
structures . 

c  The  Hunltlons  Surveillance  site  is  a  secured  area  and  is  used  Co 
expose  ajssBuniclon.  explosives  end  ‘sansitlve*  itsM  TTS  has  four  cages  of 
which  three  have  paved  floors  The  two  larger  cages  have  aaCal  roofing 
Bunkers  and  other  isagazlnas  can  also  be  Mde  available  by  the  Aawunlcion 
Supply  Point  <ASP)  Host  of  the  surrounding  area  Is  covered  by  vagatation. 
including  aature  tropical  aoist  forest  and  grassland 
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AC  •  •Itvmetlng  current 

AR  -  Ar«y  Regulation 

ASP  -  Awaunltlon  Supply  Point 

ASTH  -  AMerican  Society  for  Testing  and  Materials 

DA  •  Oepartaent  of  the  Aray 

EIS  '  envlronaental  iapact  atatenanc 

lAU  •  in  accordance  with 

LCEO  -  life  cycle  environMntal  docuaent 

N£PA  •  National  Environmental  Policy  Act 

REC  •  Record  of  Environmental  Conalderation 

TECOH  •  US  Army  Test  and  Evaluation  Command 

TOP  -  Tost  Operations  Procedure 

TTS  -  US  Army  Tropic  Test  Site 
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Rcconiended  ch«ng*s  of  this  ptibl  ic«Clor>  ahould  b«  forw«rd«d  to 
CoMMnder.  U  S  Aray  Tvst  and  Evaluation  Coaaand,  ATT!-:  AMSTE- 
CT'T,  Aberdaan  Proving  Ground,  HD  21005-S01>S.  Tachnlcal 
Inforaation  aay  be  obtained  by  the  preparing  activity:  Station 
Manager.  US  Aray  Tropic  Teat  Site.  Unit  7140.  APO  AA  34004  SOOO 
Additional  copies  are  available  froa  the  Defense  Technical 
Inforaation  Center,  Caaeron  Station.  Alexandria,  VA  22304-6145 
Tills  docuaent  is  identified  by  the  accession  nuaber  (AO  No.) 
printed  on  the  first  page 


